Introduction 5,6,7,8-tetrahydrobiopterin (BH4) is the essential cofactor for a variety of enzyme-catalyzed reactions, including the hydroxylation of aromatic amino acids, the formation of NO and glyceryl ether cleavage in rat liver (1, 2) 
. The configuration of BH4 found in mammals is nearly exclusively (6R,I'R,2'S)-6-(1 ',2'-dihydroxypropyl)-5,6, 7 ,8-tetrahydropterin (6R-L-
erythro-tetrahydrobiopterin) as determined by NMR and circular dichroism in acidic solutions (protonated N5 and Nl) and by X-ray difraction analysis of BH4 dihydrochloride crystals (3, 4) . Moreover, in BH4 dihydrochloride, the dihydroxypropyl side-chain at the C6R position is placed in an equatorial orientation and the conformation of the hydroxyls is trans (3) . BH4 is quite labile under aerobic conditions at physiological pH and studies on the theoretical preferred conformation of its neutral form using molecular mechanics, molecular dynamics and semiempirical quantum-chemical modes have given divergent results both on the orientation and the conformation of the side-chain (5-7). In this work we have applied NMR and distance geometry calculations to study the solution conformation of BH4 at neutral pH. Moreover, we have also studied the conformation of L-erythro-7,8-dihydrobiopterin (BH2)' a stable oxidized inactive analogue of BH 4 , often used in conformational studies on the enzyme-pterin complexes.
Materials and Methods
NMR spectra (600 MHz) were collected on a Bruker DRX 600 MHz spectrometer at 298 K. Samples of BH2 or BH4 (Schircks Laboratories) were prepared in 100 ruM 10 % deuterated K-phosphate, 0.2 M Kel, pH 7.2. 10 mM deuterated dithiothreitoi (DIT, c/DIN Isotopes Inc.) was added to samples with BH 4 . Resonance assignments 'H-'Hwere made from 'H_nC HSQC, HMBC and COSY experiments. NOESY spectra were acquired in the phase-sensitive mode using the States-TPPI quadrature detection scheme and suppression of th~ water signal as described elsewhere (8) . The intramolecular proton distances were estimated from the NOESY spectra using as approximate internal "tandard the distance between the geometric center of the methyl protons and the H2' proton (about 2.7 A). Thirty conformers were generated from NOE distance restraints (± 0.5 A) supplemented by chirality constraints by distance geometry calculations using DGII (InsightII 95.0, MSI). DGII ca\cul<.tions included tetrangle bond smoothing and embedding in four dimensions using metrized distance matrices, and simulated annealing optimization followed by a conjugate gradient minimization of the elTor function.
Results and discussion
The relevant portion of the NOESY spectrum of BH 4 , including the cross-peaks between all stable observable protons is shown in Figure 1 . A similar pattern of negative cross-peaks, reflecting positive NOEs between H7proR, H7proS and H6 on the pyrazine ring has recently been reported (9) . Crosspeaks between the meth)'! pr0t;}IlS and H2', HI 'and H7proR, respectively, and between H2', HI' and H7proR were observed in our spectra, indicating a defined conformation of BH4 in solution with the dihydroxypropyl side chain at C6 curling towards the pyrazine ring. We have recently performed a NMR study on free BH2 in solution at neutral pH (8) and the NOESY spectrum shows a strong cross-peak between the H7 protons and the H2' and a very weak crosspeak between the HI' and H2'. Moreover, the methyl protons show cross-relaxation with H2' and HI' but not with the H7 protons. 
